Testicular cancer is the most common malignancy in young men in many Western countries, and is increasing in incidence. Despite epidemiological investigations over several decades its aetiology remains largely unknown. The peak of incidence of the tumour at around age 30 years and other features of its epidemiology suggest that aetiological factors operate early in life, either prenatally or in childhood and adolescence (Swerdlow, 1997) . Investigation of exposures at such young ages is hampered, however, by the difficulty of gaining reliable information about them many years later by questions to adult patients. Case-control studies of malignancy in twins, comparing risk factors in affected twins with those in unaffected co-twins, give an unusual opportunity to investigate aetiological factors in early life, because comparative measures can be used to investigate factors that are usually difficult to recall exactly in order to enable comparison between cases and unrelated controls. We therefore conducted a case-control study of testicular cancer in twins in England and Wales.
MATERIALS AND METHODS
The methods of identification of the subjects and collection of data from them have been described in detail elsewhere (Swerdlow et al, 1996 (Swerdlow et al, , 1997 . In brief, twin-born men with testicular cancer incident in England and Wales from 1971 to 1989 were identified by clerical linkage between national cancer registration files, birth registers and the National Health Service Central Register. All same-sex twin pairs identified in this way were contacted to administer questionnaires on zygosity (Torgersen, 1979; Mack et al, 1995) and potential risk factors for testicular cancer. These factors included perinatal variables, anthropometric measures at various ages, childhood diet and exercise, puberty, acne, childhood infections, other illnesses and malformations, and diseases and malformations in relatives. The risk factor information analysed was that reported in the questionnaires; no previously recorded information on these variables was available to us. When responses were contradictory or unclear, we attempted to resolve this by recontact with the subjects, usually by telephone.
For each risk factor, we examined the responses of the twin pair to questions about each other, in pairs in which both twins had replied, in order to determine whether responses from a single respondent about the two members of the pair would be reliable. When this proved to be so, we analysed data from the case and cotwin when both had replied, as well as from a single twin (about both of the pair) when he had been the sole respondent. When responses from subjects about their co-twins proved to be unreliable, we restricted the analyses to data from subjects about themselves. In analyses of comparative variables, pairs who gave contradictory responses to a question (e.g. each reported that they were the taller at a particular age) were excluded from analysis. In no instance did they constitute more than 5% of pairs. When one twin reported a difference between the pair for a comparative variable and the other twin reported none, the response stating a difference was used for the analysis. This was done because 'the same' height, for example, is likely to include small differences, whereas it is less likely that there would actually be no measurable difference. The results were similar, however, and the significant results remained so, if such pairs were omitted from the analysis.
Risks of testicular cancer in relation to various factors were assessed by matched case-control analysis, using conditional logistic regression (Breslow and Day, 1980) . The twins with testicular cancer were the cases in these analyses and the co-twins without testicular cancer were the controls. For pairs concordant for testicular cancer, the subject with malignancy incident earlier was taken as the case.
RESULTS
We identified 194 cases of testicular cancer incident in twins during [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] . Of these, 119 cases from 116 pairs, including three concordant pairs, were in male/male pairs and therefore eligible for the study. In two of these pairs both twins had died, and in three others the co-twin had died at a young age and no contact was attempted. Of the remaining 111 pairs, we obtained questionnaire replies from both twins in 37 instances and from one twin in 23 instances (16 cases and seven co-twins), leading to information on a total of 60 pairs. Based on the questionnaire data, 20 of these pairs were monozygotic (MZ) and 40 were dizygotic (DZ). The results described below are for MZ and DZ twins combined, except where otherwise stated. All but three of the pairs had lived together to at least age 10 years and all but seven to at least age 15 years. Table 1 shows odds ratios (ORs) for various perinatal and anthropometric variables. Risk of testicular cancer was nonsignificantly raised for men who were taller than their co-twin, at each age investigated (7, 11 and 18 years), and significantly raised for men with longer arms and legs than their co-twin at age 18 (we did not enquire about limb length at younger ages). These associations derived from differences for DZ rather than MZ twins, although the zygosity-specific analyses were based on small numbers. The ORs for height, leg length and arm length at age 18 in DZ twins were 1.8 (95% confidence interval (CI) 0.9-3.8), 2.2 (1.0-5.2) and 3.4 (1.2-9.2) respectively.
We analysed the size of difference in height between the twins (not shown in Table 1 ), taking the mean of the reports of the two pair members when both had replied. Cases were, on average, taller than co-twins at each of ages 7, 11 and 18 years, by 0.50, 0.41 and 0.75 inches respectively. Similarly, cases had on average longer legs (by 0.40 inches) and arms (by 0.63 inches) at age 18 than control twins. It should be noted, however, that whereas the height values were based on responses for almost all pairs, those for leg and arm length were based on only 44 and 31 pairs respectively.
Questions about childhood diet (Table 2) showed no significant differences between cases and controls, although there was a nearsignificant raised risk, based on few responses of difference, for men who were reported to have eaten fewer vegetables than their co-twin. Questions about exercise in childhood, age at puberty (first shaving, voice breaking), acne and mumps (not in Table 2) showed no indication of an association with risk; for most of these factors, the great majority of subjects reported no difference between the case and co-twin.
Seven cases (five MZ, two DZ) and two controls (one MZ, one DZ) stated that they had had an undescended testis. One MZ pair was concordant for cryptorchidism, plus there were seven discordant pairs. There were no further instances of cryptorchidism reported solely second-hand, by the opposite twin. In pairs where both twins replied, reporting of cryptorchidism in the opposite twin, when that twin had already reported the condition in himself, was poor (under 50%). We therefore analysed the relative risk of testicular cancer in relation to cryptorchidism utilizing only reports by cases and controls about themselves in pairs where both had replied; this gave five discordant pairs, all with cryptorchidism in the case (i.e. OR ϭ ∞), a significant (P ϭ 0.025) excess. We examined the birthweight for the seven pairs who were stated to be discordant for cryptorchidism. In one, the twins disagreed on who was heavier at birth, in another they were stated to be the same weight at birth, and in four of the remaining five pairs, the non-cryptorchid twin was the heavier at birth.
Six cases and three controls, including two pairs concordant for this, reported that they had had a groin hernia, in five cases and two controls without cryptorchidism. (Our questionnaire did not specifically ask whether these herniae were inguinal, since subjects might not understand this.) Cross-reporting of hernia by the opposite twin was poor, and again we therefore analysed only data from self-reports in pairs in which both twins replied. This gave six discordant pairs, five with hernia in the case, a non-significant relative risk of 5.0 (P ϭ 0.10).
Three twin pairs (two MZ, one DZ) were concordant for testicular cancer. In addition, there were two DZ pairs who had a non-twin brother with the disease, and one (DZ) who had a cousin with it. We have analysed testicular cancer risks in the co-twins elsewhere , although that analysis did not include as concordant one of the two MZ pairs described here because they did not meet the calendar period criteria for concordance in that study. For non-twin brothers, we estimate from the present data that the approximate relative risk of testicular cancer compared with rates expected from the general population (Office of Population Censuses and Surveys, 1985) was 26.2 (5.4-76.7; P Ͻ 0.001), on the conservative assumption that all non-twin brothers survived and were under follow-up to the time of interview.
There was a high frequency of cryptorchidism and hernia in the twin pairs who were concordant for testicular cancer: one of the concordant MZ pairs was also concordant for undescended testis and (groin) hernia; in the other MZ concordant pair, one of the twins had a hernia; and in the concordant DZ pair, one twin had an undescended testis. There were no other genitourinary malformations reported in the families of these concordant pairs, or in the two families in which the proband and a non-twin brother had testicular cancer. There were, however, several clusters of genitourinary malformations reported in families of other twin pairs in the study, discordant for testicular cancer. In one pair the case had an undescended testis (as well as testicular cancer) while the DZ co-twin had a son with an undescended testis and another son with bilateral (groin) herniae. In another pair, the case had a hernia, his father had a hernia, and he had three brothers (not his twin) with undescended testis or hernia. For another case, both his DZ co-twin and his father had a hernia, and for a further case his father had bilateral herniae plus a hydrocoele and his mother had a hernia.
DISCUSSION
Twins have certain unique advantages in investigating aetiological factors in early life, but the disadvantage that it is difficult to ascertain sufficient numbers of cases for study, especially for an uncommon malignancy such as that of the testis. The present paper is, to our knowledge, the first to assess non-genetic risk factors for testicular cancer in twins, but the relatively small numbers of cases and controls that could be ascertained limit the conclusions.
An advantage of twin studies is that validation of responses (by use of the case's and co-twin's view on the same variable) is available for recall of variables such as height in childhood and age at puberty, for which none is available in a conventional case-control study with unrelated cases and controls. Non-response by eligible twin pairs is unlikely to have led to bias, because it is improbable that it was associated with twin/co-twin differences for the study variables (e.g. that non-response would be more (or less) likely in pairs where the case was the taller than in pairs where the co-twin was the taller).
The indication of a raised risk of testicular cancer in taller twins accords with evidence in this direction, but not strong, from four case-control studies of unrelated subjects (Brown et al, 1987; Swerdlow et al, 1989; UK Testicular Cancer Study Group, 1994; Gallagher et al, 1995) , although not a fifth (Davies et al, 1990) . A cohort study with fewer cases reported no association but did not publish further details (Whittemore et al, 1984) . The twin approach has the advantage over studies of unrelated individuals that the twin pair, because they grew up together, are matched for many early life socio-economic related exposures that may be confounded with height. The risks of testicular cancer in relation to arm and leg length have not been examined previously, to our knowledge. Leg length, more than sitting height, has been found associated with risk of cancer overall and of some specific cancers in a study that did not examine risks of testicular cancer (Albanes et al, 1988) .
Average adult height of men in Britain and other Western countries has been increasing for over a century (Tanner, 1989; Floud et al, 1990) , and testicular cancer incidence likewise has been increasing for many decades, as long as data have been available (Swerdlow, 1997) . Increased height mainly reflects prepubertal growth, probably consequent on greater protein intake (Proos, 1993) , and in several countries has been almost entirely a consequence of increased leg length, with little change in trunk length (Tanner et al, 1982) . Thus, by implication, greater leg length of testicular cancer cases than their co-twins may be a mark of environmental aetiological factors before puberty, perhaps nutrition, rather than genetic factors, as the reason for an association of height with cancer risk. Height reflects intra-uterine as well as post-natal growth (Proos, 1993) , but testicular cancer has been associated with low rather than high birthweight (Swerdlow, 1997) , so an association of the malignancy with height seems likely to be of post-natal origin.
An effect of early nutrition on risk of testicular cancer would have some support from published studies. Internationally, testicular cancer incidence correlates well with mean per capita fat intake (Armstrong and Doll, 1975) , and fairly well with animal protein, milk and sugar intake, although these analyses were of concurrent national food consumption rather than consumption when the subjects were young. In three Scandinavian countries, lower rates of testicular cancer than would be expected from longterm trends have been observed in cohorts of men who were young during World War II (Møller, 1993; Bergström et al, 1996) , which could reflect altered childhood nutrition during the War. Similar effects were not seen, however, in several other Continental European countries (Bergström et al, 1996) . In a case-control study, an association of testicular cancer risk has been found with retrospectively reported milk consumption in adolescence, based on a moderate response rate (Davies et al, 1996) . We found no association of risk with childhood dairy product consumption (we did not ask separately about milk), but our results on food intake were weak because few pairs reported any difference.
The several clusters of genitourinary malformations in families of men with testicular cancer, although the data we collected on this is insufficient for formal analysis, add to previous evidence suggesting that familial associations of testicular cancer and such malformations may sometimes have a genetic basis (Tollerud et al, 1985; Forman et al, 1992) . In the previous literature, undescended testis does not appear to be substantially more frequent, however, in familial testicular cancer cases than others (Tollerud et al, 1985; Forman et al, 1992; Heimdal et al, 1996) .
The testicular cancers in brothers in our study, with the exception of those in the co-twins previously published (three concordant pairs) , were ascertained from questionnaires, not medical records. The reported diagnoses are likely to be correct, however, for such distinctive malignancies at a young age. There is potential for the presence of malignancy in a brother to have influenced whether the twin responded to our questionnaire, but the effect would be small compared with the risk found. The greatly raised risk of testicular cancer in non-twin brothers of men with the disease accords with previous studies, in which the relative risk has been around 10, while the risk for fathers, in whom no cases were reported in our study, was considerably less raised (Forman et al, 1992; Heimdal et al, 1996; Westergaard et al, 1996) . These data on non-twin brothers, with those on risks in twin brothers ) (relative risk of testicular cancer ϭ 37.5 (95% CI 12.3-115.6) for all same-sex co-twins), indicate that the genetic element in risk of testicular cancer is far greater than that for most other cancers (Easton and Peto, 1990) .
As in a small previous study of 13 twins with testicular cancer (Braun et al, 1995) there was no evidence that the increased risk of testicular cancer in DZ twins (Braun et al, 1995; Swerdlow et al, 1997) could be the consequence of an increased prevalence of cryptorchidism in the twins: the two cryptorchid men among 40 DZ cases (three out of 41 if the concordant pair are counted as two cases) in our data are less than the 10% of subjects who are cryptorchid among testicular cancer cases generally (Swerdlow, 1997) ; indeed it was among MZ cases that cryptorchidism was common (five of 20, or six of 22 if concordant pair members were both included), for no obvious reason. Although based on small numbers, the apparent association in our study of cryptorchidism in the twin pairs with lower birthweight parallels such an association in the general population (John Radcliffe Hospital Cryptorchidism Study Group, 1986) . The large raised risk of testicular cancer in relation to cryptorchidism in the twins was similar to that seen in case-control and cohort studies of unrelated subjects (Swerdlow, 1997) . This is compatible with the theory that cryptorchidism and testicular cancer are associated because the former is a cause of the latter, but does not fit easily with the alternative hypothesis (Henderson et al, 1979 ) that this association is due to common aetiology of both by in-utero exposure to high concentrations of maternal oestrogens. If this latter hypothesis were correct, one might expect that cryptorchidism would be a diminished or absent risk factor for testicular cancer in twin pairs, since the maternal hormone concentrations would be the same for both the case and control. This argument is not decisive, however: the presence of cryptorchidism was self-reported; placentation can differ between twins, so that maternal hormone exposure might not be identical between them, and the result on cryptorchidism was based on small numbers. For the findings on cryptorchidism and those on height and limb length, further data on twins would be valuable.
